The objective of the study was to investigate the impact of BTG2 on growth, migration and invasion of human clear cell renal cell carcinoma (ccRCC) cells. Endogenous expression of BTG2 was evaluated in the ccRCC cell lines (Caki-1, 786-O and Caki-2) and noncancerous human renal proximal tubular cell lines (HKC, HK-2 and RPTEC). BTG2 expression was decreased in the ccRCC cells compared with the noncancerous cells (P < 0.01). Then Caki-1 and 786-O cells described as suitable transfection hosts were used in transfection to carry out biological function studies. The three experimental groups were as follows: BTG2-ORF (transfected with BTG2-ORF plasmid), blank-Vector (transfected with pCMV6-Entry), and Cell-alone group (no DNA transfected in). BTG2 expression in the BTG2-ORF groups was significantly higher than that in the controls (P < 0.01). Cell growth was remarkably reduced and the number of migrating or invading cells was reduced in the BTG2-ORF groups compared with the controls (P < 0.01). Furthermore, Matrix Metalloproteinase-9 (MMP-9), Cyclin D1 and Cyclin E expression were reduced in the BTG2-ORF groups compared with the controls. Here, we have provided data for attenuated BTG2 expression in the ccRCC cells. Overexpressed BTG2 could inhibit cell proliferation, migration and invasion of human ccRCC, and the suppressive effects might be due to down-regulation of MMP-9, Cyclin D1 and Cyclin E expression.
Renal cell carcinoma (RCC) is the second leading cause of death in patients with urological tumors [1] . Clear cell renal cell carcinoma (ccRCC), which accounts for approximately 75% of RCC, represents the most common histological subtype [2] . Compared with other malignant neoplasm, few biomarkers for ccRCC have been identified for clinical diagnosis, therapy or outcome prediction [3, 4] . Several molecular targets were recently suggested as potential solutions, however, the curative effects of these targets remain relatively limited [4] [5] [6] . To develop effective diagnostic, preventive, and therapeutic methods, further studies on the pathogenesis of ccRCC are required. Tumorigenesis is the result of the accumulation of multiple mutations, including activation of oncogenes and inactivation of tumor suppressors [7] . Tumor-related genetic changes usually result in several events critical to tumor occurrence and development, such as aberrant alternation of cell proliferation [8] . Numerous studies suggested that inactive onco-suppressors might play a key role in tumor occurrence and development [9] [10] [11] [12] [13] .
BTG2 is the abbreviation of B cell translocation gene 2, which is the first member identified in the BTG/TOB gene family [14] . There are two conserved and highly homologous domains in the N-terminal of each BTG/TOB family member, named respectively Box A and Box B. The Box A has a main effect on anti-proliferation, while the box B plays a role in interacting with other target molecules [14, 15] . Because of the anti-proliferative Box A, BTG2 gene is also known as the anti-proliferative gene [15] . increasing evidences have demonstrated that aberrant BTG2 gene is involved in a variety of tumor types [16] [17] [18] [19] [20] , such as gastric cancer [16] , bladder cancer [17] , breast cancer [18] , Non-small cell lung cancer (NSCLC) [19] and prostate cancer [20] .
in our previous research, a profile was performed using human primary ccRCC tissues and adjacent non-tumor tissues obtained from Chinese patients. The result showed that aberrant BTG2 expression might be a related molecular event in human ccRCC (unpublished data). Up to now, little is known regarding the impact of BTG2 gene on cell growth, cell migration and invasion of human ccRCC cells. in the present study, a logical linking was established between BTG2 overexpression and biological characteristics of human ccRCC cells. The abilities of cell growth, cell migration and invasion were assessed, and the effects of BTG2 on expression of Matrix Metalloproteinase-9 (MMP-9), Cyclin D1 and Cyclin E were explored.
Materials and methods
Cell lines and cell culture. The human ccRCC cell lines (Caki-1, 786-O and Caki-2) and noncancerous human renal proximal tubular cell lines (HKC, HK-2 and RPTEC) were obtained from the Chinese National Platform of Experimental Cell Resources for Sci-Tech (Beijing, China). The ccRCC cells and HKC cells were maintained in RPMi-1640 medium (Gibco, Gaithersburg, MD, US) with 10% fetal bovine serum (Gibco) and 1% antibiotics (invitrogen, Carlsbad, CA, US) in a sterile incubator at 37 °C with 5% CO 2 . The HK-2 and RPTEC cells were cultured at 37 °C and 5% CO 2 in renal epithelial cell basal medium (REBM) supplemented with REBM complex (Lonza, inc., Walkersville, MD, US). Cells at logarithmic phase were collected for the experiments.
Plasmid transfection. The human cDNA-ORF clone of BTG2 gene (BTG2-ORF plasmid), blank vector (pCMV6-Entry) and transfection reagent MegaTran 1.0 were purchased from OriGene Technologies, inc. (Rockville, MD, US). The experimental cells were divided equally into three groups as follows: BTG2-ORF (transfected with BTG2-ORF plasmid), blank-Vector (transfected with pCMV6-Entry), and Cell-alone group (no DNA transfected in). The day prior to transfection, cells were seeded at a density of 2×10 5 / well into 6-well plates. Cells were transfected with BTG2-ORF plasmid or vector for 6 h in serum-free medium Opti-MEM i (Gibco) according to the manufacturer's instructions. After 24 h, the transfected cells were diluted at 1:15 into 12-well plates and the culture medium was replaced with complete medium containing G418 (800 μg/ml). The stable positive clones were obtained after 21 days of screening by G418, and protein expression was evaluated using western blot.
Real-time quantitative PCR analysis. Total RNA was extracted using Trizol reagent (invitrogen) and reverse transcribed to cDNA using the SuperScriptTM ii Reverse Transcriptase Kit (invitrogen) according to the manufacturer's instructions. Real-Time quantitative polymerase chain reaction (PCR) was performed using the standard SYBR Green i PCR Kit (Fermentas, Pittsburgh, PA, US) in an ABi 7500 Sequence Detection System (Applied Biosystems, Foster City, CA, US). The expression of mRNA was determined from the threshold cycle values, and the relative expression levels were normalized to the expression of human peptidylprolyl isomerase A (PPiA) and calculated by the 2 -ΔΔCT method as described in the literature [21] . Primers used in PCR are listed in Table 1 . The experiments were repeated three times and every sample was performed in triplicate.
Western blot. Western blot was performed following standard techniques. Protein lysates were extracted using RiPA lysis buffer (Santa Cruz Bio-tech, Santa Cruz, CA, US) containing proteinase inhibitors. BCA reagent (Applygen Tech., Beijing, China) was used to quantify the protein concentration. Equivalent amounts of protein (50 μg/lane) were fractionated by 10% sodium dodecyl sulfate polyacrylamide gels electrophoresis and transferred to a polyvinylidene fluoride membrane (Millipore, Billerica, MA, US). The membrane was then blocked in 0.1% Triton X-100 and 5% non-fat milk powder in phosphate-buffered saline (PBS) for 2 h, and then probed with primary antibodies at 4°C overnight. Rabbit polyclonal primary antibodies against BTG2, MMP-9, Cyclin D1 and Cyclin E (Abcam, Cambridge, MA, US) were used at a dilution of 1:500. Anti-GAPDH, a mouse monoclonal antibody (Santa Cruz Bio-tech) at a 1:1000 dilution, was used as a house keeping gene. The membrane was incubated with secondary antibody at a 1:2500 dilution (Santa Cruz Bio-tech) for 1 h at room temperature and the bands were visualized by a Chemiluminescence Detection Kit (Pierce, Rockford, iL, US) using medical X-ray films (Kodak, Rochester, NY, US) and quantified by Photoshop CS5 (Adobe Software, San Jose, CA, US). The relative expression of the target gene was normalized to GAPDH levels.
MTS assay. MTS reagent (Promega, Madison, Wi, US), an aqueous cell proliferation assay, was used to assess cell growth. The experimental cells were seeded into 96-well plates with 2×10 3 cells/ well. At each check-point (0, 24, 48, 72 or 96 h), 20 µl of MTS reagent was directly added into each well and cells were incubated at 37°C for 1 h. The absorbance at 490 nm (A490) was measured by a 96-well microplate reader. The experiment was repeated three times with four replicates in each check-point.
Flow cytometry. Cells were cultured in regular medium until 70%-80% confluence, switched to serum-free medium for 24 h to synchronize. Cells were collected and washed with PBS, and fixed with 70% cold ethanol at 4 °C overnight. The fixed cells were resuspended in ice-cold PBS and stained with propidium iodide (BD Biosciences, San Jose, CA, US) according to the manufacturer's instructions. The stained cells were analyzed on the FACS-Caliber using CellQuestPro software, and the proportion of cells at G 0 /G 1 phase, S phase or G 2 /M phase was calculated. Each assay was performed independently three times.
Transwell assay. Cell migration or invasion assay was carried out using Boyden chambers containing a Transwell membrane filter with a pore size of 8 µm (Corning Costa Corp., Cambridge, MA, US). Prior to the invasion assay, the filter membrane was coated with 60 μl of Matrigel (BD Biosciences) at a 1:8 dilution and rehydrated by adding 0.5 ml serum-free medium to the upper chambers at 37 °C for 0.5 h. The experimental cells (3.5×10 4 cells/ well for invasion assay or 8×10 4 cells/ well for migration assay) were added to the upper chamber with 200 µl culture medium, and the lower chamber was filled with 500 µl medium containing 10% fetal bovine serum. After 6 h (for migration assay) or 12 h (for invasion assay) at 37 °C incubation, the surface of the filter was swept by cotton swabs. The membrane was fixed with methanol and stained with crystal violet, and cells were counted under a microscope in five random fields, irrespective of staining intensity. Each experiment was repeated three times.
Statistical analysis. The data were expressed as mean ± standard deviation and analyzed using the SPSS statistical software 13.0 (SPSS inc., Chicago, iL, US). A Student's t test was used for the comparison of two groups, and one-way ANOVA for multiple groups. A value of P < 0.05 was considered as statistically significant.
Results
Attenuation of BTG2 expression was observed in the ccRCC cells. To determine the role of BTG2 in ccRCC, we first detected endogenous BTG2 expression in human normal kidney and ccRCC cell lines. The relative mRNA levels of BTG2 in the ccRCC cells were significantly down-regulated compared with the noncancerous cells (P < 0.01, Fig. 1a ). As expected, reduced BTG2 protein bands were observed in the ccRCC cells (P < 0.01, Fig. 1b) . These indicated that attenuation of BTG2 expression might be a causative factor correlated with the carcinogenesis of ccRCC.
Abundant BTG2 was detected in the BTG2-ORF groups. BTG2 expression was examined in the three experimental groups. We observed apparently high levels of BTG2 in the BTG2-ORF groups at both protein and mRNA levels compared with the controls (P < 0.01, Fig. 2 ). These data confirmed up-regulation of BTG2 in the BTG2-ORF groups of Caki-1 and 786-O cells.
Overexpression of BTG2 suppressed cell growth. To determine whether overexpression of BTG2 affected cell growth, MTS assay was performed to assess cell viability and proliferation. Cell viability was analyzed by comparing OD values at 490nm of the three groups at 48 h or 72 h, and cell growth curves were plotted using the average of A490 values at each time point. The data demonstrated that cell viabilities in the BTG2-ORF group of Caki-1 and that of 786-O cells were both lower than those of their control groups (P < 0.01, Fig. 3a-3b) , and there was no significant difference between the two controls (P > 0.05). As shown in Fig. 3c-3d , the cell growth curves showed that cell proliferation in the BTG2-ORF group of Caki-1 and that of 786-O cells were both reduced compared with their controls.
Overexpression of BTG2 induced G 0 /G 1 cell cycle arrest. To determine the effects of BTG2 on cell cycle, flow cytometry was performed. The percent of cells at G 0 /G 1 phase in the BTG2-ORF group was higher than the two controls (P < 0.01, Fig. 4a-4b) . Furthermore, the S phase fraction was decreased in the BTG2-ORF group compared with the controls (P < 0.01, Fig. 4c ). These data suggested that overexpression of BTG2 induced cell cycle arrest at the G 1 /S phase transition. The proliferation index was calculated as (G 2 /M+S) / (G 0 /G 1 +S+G 2 /M). The proliferation index of the BTG2-ORF group was remarkably decreased compared with the controls (P < 0.01, Fig. 4d ). These data were additional Overexpression of BTG2 inhibited invasive ability and metastatic potential. Transwell assays were performed to study the impact of BTG2 gene on invasive and migratory abilities in Caki-1 and 786-O cells. Both in migration and invasion assays, crystal violet-staining showed that the number of cells passing through the polycarbonate membranes in the BTG2-ORF groups was significantly less than their controls (P < 0.01, Fig. 5 ). There were no statistically significant differences between the two controls (P > 0.05).
Effects of BTG2 on expression of MMP-9, Cyclin D1 and Cyclin E. The expression of MMP-9, Cyclin D1 and Cyclin E were detected by western blot. The protein bands analysis demonstrated that expression of MMP-9, Cyclin D1 and Cyclin E in the BTG2-ORF group of Caki-1 and that of 786-O cells were both down-regulated, compared to that in their controls (P < 0.01, Fig. 6 ).
Discussion
Kidney cancer is a common urological therioma [1, 2] . Currently, partial or radical nephrectomy is the most common effective treatment for localized ccRCC [22] . Unfortunately, many patients who suffer from ccRCC developed metastases at the time of diagnosis and lost the opportunity of operation [23, 24] . What is worse, most of these advanced or metastatic ccRCC patients are not sensitive to chemotherapy and radiotherapy, and therefore, their prognosis is extremely poor [5, 24] . Some targeted-therapy drugs, such as sorafenib and sunitinib, show substantial effects on patients with advanced or metastatic ccRCC. However, complete responses and curative effects of these treatments are rarely observed [25, 26] . Consequently, appropriate biomarkers and therapeutic targets of ccRCC are still needed.
BTG2 is considered as an early growth response gene [14] . The multifunctional BTG2 protein is involved in cell proliferation, cell maintenance and others [14] [15] [16] . Recently, several findings indicate that, aside from regulating such physiologic developmental processes, BTG2-dependent events play a critical role in human cancerogenesis [16] [17] [18] [19] [20] . Early studies have shown that aberrant BTG2 has been involved in tumor development and progression. Takahashi et al. [18] demonstrated that decreased expression of BTG2 protein was observed in estrogen receptor-positive breast cancer, and was associated with high tumor grade, size, and recurrence. in vitro assays, knockdown of BTG2 expression promotes cell growth, cell motility, and distal metastasis of breast tumor [27] . Sun et al. [28] reported a frequent loss of BTG2 expression in several human lung carcinomas cell lines. And overexpression of BTG2 can inhibit cell growth, invasive ability and metastatic potential of NSCLC cells [19] . However, Wagener et al [17] showed that BTG2 gene promoted the migration of bladder cancer cells and overexpressed BTG2 is associated with poor survival in patients with bladder cancer. From above, the roles of BTG2 in oncogenesis may be cancer type-dependent, BTG2 functions as a tumor-suppressor in some human cancers, while it also serves as a tumor-promoter in other human carcinoma [14] . in 2004, a research team from Switzerland analyzed primary ccRCC and non-tumor tissues by using BD Atlas Human Cancer 1.2 cDNA microarrays. Twenty-five genes were found differentially expressed, and BTG2 gene was one of them [29] . However, the effect of BTG2 gene on cellular biological function of ccRCC has not been reported.
in our previous research, a profile showed that BTG2 expression in ccRCC tissues of Chinese patients was reduced more than 70% compared with non-tumor control references (unpublished data). Based on preliminary findings, a series of experiments were conducted to verify the biological function of BTG2 in ccRCC cells. First, 6 cell lines, including the ccRCC cells (Caki-1, 786-O and Caki-2) and noncancerous human renal proximal tubular cells (HKC, HK-2 and RPTEC), were used to evaluate endogenous expression of BTG2. Significantly decreased BTG2 in the ccRCC cells was observed compared with the references. Next, Caki-1 and 786-O cells described as suitable transfection hosts in the ATCC website (www.atcc.org, USA) were transfected respectively with BTG2-ORF plasmid and its vector. We evaluated the effects of overexpressed BTG2 on biological characteristics, including abilities of cell growth, cell migration and invasion. Our data showed that BTG2 overexpression suppressed cell migration and invasion, and also inhibit cell growth. Meanwhile, flow cytometry analysis showed cell cycle arrest at the G 1 /S phase transition in the BTG2-ORF group, and proliferation index and S phase fraction was remarkably decreased compared with the controls. These data were additional proofs to cell growth inhibition. Furthermore, MMP-9, Cyclin D1 and Cyclin E expression were reduced accompanied with the BTG2 overexpression.
Up to now, many studies have demonstrated that Cyclin D1 and E are prevalent regulators involved in cancer development. The association between aggressiveness of tumor growth and expression of Cyclin D1 and Cyclin E has been observed in various tumors [30] . Hedberg et al. [31] examined the protein contents in tissues of human ccRCC, and overexpression of Cyclin D1 and Cyclin E were observed. Similarly, Lima et al. [32] and Nauman et al. [33] showed the high levels of Cyclin D1 and Cyclin E protein in human ccRCC. in cell experiments, researchers found that decreased Cyclin D1 and Cyclin E could inhibit the proliferation of RCC cells [34, 35] . it is well known that Cyclin D1 and Cyclin E are key regulators in G 1 phase of cell cycle and they are both rate limiting for the G 1 to S phase transition [36] . Ohtsubo et al. [37] reported that Cyclin E is acting after Cyclin D1 in human cell cycle regulation. When Cyclin D1 or/and Cyclin E is overexpressed in cells, the length of G 1 phase is reduced, which results in an overall faster growth rate. Conversely, down-regulation of Cyclin D1 or/and Cyclin E inhibits the ability of the cells to go into S phase and lead to growth inhibition [38] . MMP-9, which can degrade type iii, iV and V collagens, is a member of the MMPs family [39] . Currently known, proteolytic degradation of the basement membrane and extracellular matrix by MMPs is an initial step for tumor invasion and metastasis [39, 40] . in particular, MMP-9 is consistently expressed in malignant tissues and associated with increased invasiveness in various cancer cells [41] . There has been reported that high MMP-9 expression was associated with prognosis of human ccRCC, and reduced MMP-9 could inhibit invasive potential of human ccRCC cells [40] .
in conclusion, here we have provided the evidence of reduced BTG2 expression both at protein and mRNA levels in the human ccRCC cells. Overexpressed BTG2 could inhibit cell proliferation, cell migration and invasion in ccRCC, and the suppressive effects might be due to down-regulation of MMP-9, Cyclin D1 and Cyclin E expression. Taken together, our data implied that BTG2 possibly function as a tumor suppressor in the carcinogenesis of ccRCC, and overexpression of BTG2 expression may an effective treatment for ccRCC patients. 
